We have shown that pre-and post-pubertal female rats are sensitive to seizures. For example, daily convulsions commencing at 24 days of age delay puberty. 
INTRODUCTION
Clinical studies reveal that epilepsy, in its various forms, is associated with reproductive neuroendocrine abnormalities. For example, both men and women with partial seizures of temporal lobe epilepsy exhibit an array of symptoms including hypogonadotrophic hypogonadism, hyperprolactinaemia and polycystic ovarian syndrome (Dana-Haeri, Trimble & Oxley, 1983; Pritchard, Wannamaker, Sagel et al. 1983; Herzog, Seibel, Schomer et al. 1986 ). Temporal lobe epilepsy is also common in children and frequently results from earlier attacks of status epilépticas (O'Donahoe, 1979) . Evidence that infantile seizures may also be associated with neuroendocrine problems is somewhat limited. Several authors have drawn attention to the incidence of precocious puberty and epilepsy (Elian, 1970 ; Konar & Basak, 1977; Penfold, Manson & Caldicott, 1978; Williams, Schitt & Savage, 1978) . McGowan (1983) has reported that adult epileptics appear, in general, to be smaller than normal. These reports suggest that the influence of neonatal or infantile seizures on puberty as well as adult reproductive function is worthy of further study.
Previous work in our laboratory has shown that the female rat reproductive system is sensitive to artificially-induced seizures both pre-and postpubertally (Wilkinson, Bhanot, Pincock & Donald, 1982 ; (Bhanot & Wilkinson, 1984) . The effect occurs despite an ECS-induced state of hyperprolactinaemia, a condition known to advance VO and first ovulation (Ojeda, Urbanski & Ahmed, 1986) .
The neonatal rat brain appears to be particularly sensitive to seizures. Brain development (Wasterlain, 1976) , ontogeny of reflexes (Wasterlain, 1977) and brain protein synthesis (Fando, Conn & Wasterlain, 1979) are all compromized by the induction of seizures in newborn pups. We have, therefore, extended our previous work to an examination of whether neonatal seizures also affect the onset of puberty. In addition, we have investigated the possi¬ bility that seizure-induced delays in sexual maturation might be mediated through the release of endogenous opioid peptides (EOP) . These neuropeptides have been implicated in regulating the onset of puberty (Wilkinson & Landymore, 1989) and seizures are known to activate central opioid systems (Hitzemann, Hitzemann, Blatt et al. 1987; Lasón, Przewlocka & Przewlocki, 1987) .
A further mechanistic possibility is that seizures may delay VO through a stress response (Ramaley, 1974) . Acute and chronic stress have been shown to influence gonadotrophin secretion significantly in rats of various ages (Briski, Quigley & Meites, 1984; Briski & Sylvester, 1987; Restrepo & Armaría, 1987) . Recent evidence suggests that such altered gonadotrophin secretion is hypothalamically mediated via cortico¬ trophin-releasing factor (CRF) and EOP in both rats (Petraglia, Vale & Rivier, 1986; Adams, Andrews, Hillier et al. 1987; Almeida, Nikolarakis & Herz, 1988 ) and monkeys (Gindoff & Ferin, 1987 (Fig. 1) Seizures induced in the neonatal and infantile periods had no effect on age of sexual maturation (Fig. 1 ). Neonatally convulsed rats had a mean age at VO of 35-3 + 0-6 days, while that in controls was 36T+0-6 days. Rats convulsed during the infantile stage opened on day 35-9 + 0-5 compared with day 34-9 + 0-5 in controls ( Fig. 1 ; n = 2 experiments).
These data are combined with the data from the juvenile and late juvenile experiments and presented in Fig. 2 , which clearly illustrates the nature of the delaying effects of ECS. Rats exposed to a single ECS on day 31 of life showed a mean age at VO of 33-5 + 0-3 days. Controls opened at 33-9 + 0-3 days ( Fig. 1; = 2 experiments), illustrating no effect of ECS on age at sexual maturation. (Fig. 3d) (Bhanot & Wilkinson, 1984) . In the present study, we isolated the prepubertal period most sensitive to the delaying effect of seizures and exam¬ ined the mechanism of action of ECS during that period. Our data demonstrate that during the late juvenile stage of development (days 27-31 postnatal) the female rat hypothalamo-pituitary-ovarian axis is exquisitely sensitive to electroseizures. Convulsed animals were both older ( Fig. 1) and heavier at VO, indicating a true delay in sexual maturation. This delay occurred whether shocks were administered in the morning or afternoon, and was not associated with significant changes in reproductive organ weight.
Our observation that both neonatal and infantile rats were refractory to the delaying effects of ECS suggests that the hypothalamic neuroendocrine environment required for first ovulation was either not altered by these early convulsions or that it recovered to allow first ovulation to occur. This is surprising in the light of data demonstrating that neo¬ natal ECS retards whole brain development and brain protein synthesis (Wasterlain, 1976; Fando et al. 1979) , and that endocrine events critical to sexual maturation occur during the infantile period (Ojeda et al. 1986 ). This recovery capacity of the reproductive axis was reduced in the early juvenile period (during which ECS only slightly delays puberty) and ten con¬ vulsions administered over the entire juvenile period were no more potent than five seizures over the late juvenile period only (Fig. 1) (Advis, Simpkins, Chen & Meites, 1978; Wuttke, Honma, Lamberts & Höhn, 1980) , may also be responsible for mediating the antidepressant effect of ECS (GrahameSmith, Green & Costain, 1978; Green & Deakin, 1980) , and it has been demonstrated that repeated ECS decreases ct2-adrenoceptor density in the hypothalamus (Stanford & Nutt, 1982) . These data, together with evidence of altered prolactin secretion following ECS in rats (Bhanot & Wilkinson, 1984) and man (Arato & Bagdy, 1982; Whalley, Dick, Watts et al. 1982) strongly suggest that the hypothalamic monoaminergic system is disrupted and hence inter¬ ference in reproductive hormone secretion is involved in the ECS-induced delay in puberty. However, electroconvulsions are also associated with a plethora of neurochemical changes, and the possibility of a role for other systems, such as the EOP, in the efficacy of this effect cannot be excluded. The EOP are known to regulate gonadotrophins and gonadotrophinreleasing hormone secretion during the onset of puberty (Wilkinson & Landymore, 1989) . They are also activated centrally by seizures (Holaday, Hitzemann, Curell et al. 1982; Same, Weissman & Urea, 1982; Hitzemann et al. 1987; Lasón et al. 1987 ). The present studies have attempted to determine the significance of EOP activation with respect to ECSinduced delays in sexual maturation by injection of three non-selective EOP antagonists to block EOP receptors both 10 min before and 20 min after daily late juvenile administration of ECS. The failure of naloxone, nalmefene and naltrexone treatment to pre¬ vent the delay in puberty (Fig. 3) (Keim & Sigg, 1976) and footshock (Terman, Lewis & Liebeskind, 1986) in adult males, and ether stress (Johnston & Negro-Vilar, 1986) (Plotsky & Vale, 1984) . After receiving ECS while under halothane anaesthesia, rats dis¬ played almost no tonic or clonic reaction, and puberty was delayed in a similar manner to that in nonanaesthetized convulsed rats (Fig. 4) . Indeed, halo¬ thane is routinely used as a preconvulsion treatment in adult rats, and appears to have no interaction with ECS-induced neurochemical alterations (see Costain, Green & Grahame-Smith, 1979) . These data suggest that the hypothalamic defect(s) induced in late juvenile female rats by repetitive ECS administra¬ tion is a direct result of the electroshock and is not contingent upon the resulting convulsion.
In conclusion, the drive to attain first ovulation is most susceptible to electroconvulsions during the period when adult pattern biorhythmicity is initiated, just before pubertal onset (Ramaley, 1979 (Tortella, Ferkany & Pontecorvo, 1988) . Preliminary experiments with non-competitive N-methyl-D-aspartate antagonists such as dextrorphan are currently underway in our laboratory.
